A new one-dimensional coordination polymer [Co(CCl 3 COO) 2 (CH 3 OH) 2 (µ-4,4'-bipy)] n (1), has been synthesised and its crystal structure determined by single-crystal X-ray diffraction. The structure consists of a one-dimensional linear chain of cobalt(II) centres linked by bridging 4,4'-bipyridine units. The Co(II) ion lies at an inversion centre forming an elongated octahedral coordination sphere. There is an intramolecular hydrogen bond [2.02(5)Å] between a trichloroacetate oxygen and a methanolic hydrogen forming a planar six-membered ring.
Introduction
Coordination polymers are an important class of materials because of their potential applications in catalysis and advanced materials [1] . Recent interest has been focused on the crystal engineering of supramolecular architectures organised by covalent or supramolecular hydrogen-bonding contacts [2 -6] . Exo-bidentate ligands, such as pyrazine, 4,4'-bipyridine, 1,2-bis(4-pyridyl)ethane are widely used for the synthesis of polynuclear complexes with extended structures [7 -10] .
Focusing on 4,4'-bipyridine as a ligand, a number of one-, two-and three-dimensional infinite metal(I, II and III)-4,4'-bipy frameworks have already been generated [9] . Besides this framework, a number of extended structures with diverse topologies have been synthesised, such as interwoven honeycomb [10] , interpenetrated diamond lattices [11] , railroad-like network [12] and other architectures [13 -15] . However, most of the above mentioned frameworks are generated directly by coordination bonds [16 -18] . Other metal complexes are further extended into higher dimensional networks by hydrogen-bonding interactions [19] . In this work the principal hydrogen-bonding motif is intramolecular and the framework is extended by coordination of the 4,4'-bipy unit.
Chen et al. have been pursuing the synthetic strategies for the preparation of non-interpenetrating open 0932-0776 / 05 / 0100-0033 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com frameworks with variable cavities or channels, in which the rod-like rigid spacers such as 4,4'-bipy, pyrazine and the related species are chosen as building blocks [20 -24] . Lu et al. have described the synthesis and reactivity of three one-dimensional polymers formed by coordination of 4,4'-bipy to Co(II) ions [25] , by using CoSO 4 In the present work, we report the synthesis of a new one-dimensional linear chain Co(II) polymer of formula [Co(CCl 3 COO) 2 (CH 3 OH) 2 (µ-4,4'-bipy)] n (1), which is characterised by elemental analysis, IR and electronic spectra, thermal analysis and room temperature magnetic susceptibility. The crystal structure determination shows that the primary structural motif is a linear chain.
Results and Discussion

IR spectrum
The IR spectral bands (KBr pellet) present at 1533, 1414, 1222, 1076 and 827 cm −1 are the characteristic absorption bands of the 4,4'-bipyridine ligand.
The structural formula drawing of complex 1. The bands at 1681 and 1352 cm −1 correspond to ν as (CO 2 − ) and ν s (CO 2 − ), respectively. The ∆ν value of 329 cm −1 is significantly higher than the value for free CCl 3 CO 2 − , indicating that the carboxylate group is coordinated with Co(II) in a monodentate orientation. The broad absorption band at 3447 cm −1 is perhaps attributable to ν(O−H...X) (where X is an electronegative nitrogen or oxygen atom), indicating the presence of hydrogen bonding in the complex [27] .
Electronic spectrum
The solid state electronic spectrum of 1 shows three d-d bands at approximately 8500, 14000 and 18200 cm −1 , which are in the expected range for hexacoordinated Co(II) complexes [28] and can be assigned to the transitions 4 T 1g → 4 T 2g (ν 1 ), 4 T 1g → 4 A 2g (ν 2 ) and 4 T 1g → 4 T 1g (P) (ν 3 ), respectively. These data suggest a polymeric hexacoordinated structure for the cobalt complexes. 
Thermal analysis
Complex 1 was heated up to 600 • C in N 2 atmosphere. The TGA curve showed the complex to be stable up to 80 • C (Fig. 1) . Beyond this temperature, the complex decomposes and the mass loss occurs in two steps, 80 -90 • C and 210 -340 • C. In the first step, the mass loss corresponds to the loss of two methanol molecules. The second step is consistent with the loss of one bipyridine molecule and two acetate groups leaving the residue as CoO [25] .
Magnetic susceptibility
The room temperature magnetic moment was found to be 3.92 µ B which is close to the spin only value of Co(II). 
X-ray crystal structure
The crystal structure of 1 is a linear chain comprised of bridging 4,4'-bipyridine ligands linking Co(CCl 3 CO 2 ) 2 (CH 3 OH) 2 units (Fig. 2) . The selected bond lengths and bond angles are given in Table 2 . These linear covalently-linked chains are also seen in many related compounds [2, 26, 29] . The Co atom lies on a centre of inversion and is coordinated by two oxygen atoms from two monodentate trichloroacetates; two oxygen atoms from methanol molecules and two nitrogen atoms from trans 4,4'-bipyridine ligands, resulting in elongated octahedral geometry around the cobalt centre. Four oxygen atoms occupy the equatorial positions with bond lengths of 2.079 (2) This distance is slightly shorter, despite being determined at 160 K, than some previously reported Co(II)-N(bipyridine) bond distances, 2.152 -2.172Å [25] and 2.181(6), 2.217(6)Å (room temperature study) [30] (9) O (2) (Table 3) .
In each unit cell, the Co-bipy-Co chains lie along the body diagonal of the unit cell, in the (111) direction. The aromatic rings in the bipy ligands are coplanar. The molecules pack as layers of bipy ligands with the acetate and methanol ligands lying in between the layers. These layers are undulating, the chains within these layers are connected by longer hydrogen bonds bifurcated at O(3) to bipy hydrogen atoms H(13), but these are weaker C-H...O links (Table 3 ). There are no direct bipy-bipy interactions between these chains. Within the polymeric chains the Co...Co distance is 11.392Å.
Experimental Section
Materials
All chemicals and solvents used for the synthesis were of reagent grade. 4,4'-Bipyridine (Aldrich) was obtained commercially and used as received. Cobalt(II) trichloroacetate was prepared by the neutralisation reaction of cobalt(II) carbonate and trichloroacetic acid.
Physical techniques
Elemental analyses were carried out using a PerkinElmer 2400 II elemental analyser. The infrared spectrum was recorded on a Perkin-Elmer 883 infrared spectrophotometer. The electronic spectrum was measured on a Hitachi U-3400 (UV/VIS/NIR.) spectrometer in methanol. Thermal investigation was carried out on a Shimadzu TGA-50 thermal analyser under a dynamic nitrogen environment. The room temperature magnetic susceptibility was measured with a model 155 PAR vibrating sample magnetometer fitted with a Waker Scientific 175FBAL magnet.
Synthesis of [Co(CCl
A solution of 4,4'-bipyridine (0.156 g, 1 mmol) in methanol (10 ml) was added slowly to a solution of cobalt(II) trichloroacetate (0.383 g, 1 mmol) in the same solvent (20 ml), over a period of 5 min with constant stirring. The reaction mixture was allowed to evaporate slowly at room temperature. Light pink crystals of the title compound suitable for X-ray analysis were obtained one week later. Analysis for C 16 
X-ray crystal structure determination
A pink crystal of 1 was mounted on a glass fibre on a Bruker AXS P4 diffractometer and cooled to 160 K by an Oxford Cryosystems Cryostream. No significant crystal decay was found. Data were corrected for absorption by ψ scans. The structure was solved by direct and different Fourier methods, and refined by full-matrix least-squares on F 2 . All non-hydrogen atoms were refined with anisotropic displacement parameters. Crystallographic computing was performed using SHELXTL [30] programs. Further details are given in Table 1 .
Supplementary data
Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre, CCDC reference number 223878. Copies of the information may be obtained free of charge from The Director, Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ, UK (Fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
